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NEW CYCLIC (61,244,40,10,6) BIBDs 
Elizabeth J. BILLINGTON 
Department of Mathematics, University of Queensland, St. Lucia 4047, Australia 
Dedicated to Haim Hanani on the occasion of his 75th birthday. 
Design number 1115 in the list of BIBD parameters given by Mathon and Rosa 
[2] is listed as unknown; the parameters are (61,244,40, 10,6). Using techniques 
of cyclotomy (see [4] for instance) the following four initial blocks were found, by 
hand, to generate such a design. The cyclotomic classes Cj, 0 < i s 11, are with 
respect to e = 12; the primitive root used in GF[61] was 2. (The classes Ci were 
quickly obtained from Jacobi’s tables [l].) 
Initial blocks: 
co u ci = { 1, 9, 20, 58, 34, 2, 18, 40, 55, 7}, 
C3 U C4 = (8, 11, 38, 37, 28, 16, 22, 15, 13, 56}, 
C, U C3 = (2, 18, 40, 55, 7, 8, 11, 38, 37, 28}, 
C4 u C6 = { 16, 22, 15, 13, 56, 3, 27, 60, 52, 41). 
Cyclotomic numbers of order 12 are known in general (Whiteman [5]). A check 
of Whiteman’s Table 5 [5, page 721 shows that for any odd prime p = 12f + 1, 
f odd, where p=A2+3B2=x2+4y2, with m’=2(mod4), c=l and 
m = 1 (mod 6) (see [5]), provided 
2A-B-4y=O (1) 
and 
3A+2-x-6y=O, (2) 
the four sets Co U Cl, C, U C6, Cl U C3 and C3 U C4 form a supplementary 
difference set. 
Since A2 + 3B2 =x2 + 4y*, we have from (1) and (2) 
( 
x-2 
2 - - 
3 
+ 2y 1 + 3(5(x 2))2 = x2 + 4y*, 
which becomes x2 + x(3y - 13) + (13 - 6y) = 0. Hence 
13 - 3y f j/(3y - 
x= 
9)* + 36 
2 
, and so 
(3y - 9)* + 36 = n*, say. 
that 
(3) 
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Clearly n is divisible by 3; letting n = 3M reduces (3) to 
M2 - (y - 3)* = 4. (4) 
The only solution to (4) in integers is M = f2 and y = 3; thus it = f6 and y = 3, 
so that x = 5 or -1. Since x = 1 (mod 4), we have x = 5. Therefore p =x2 + 4y2 = 
25 + 4.9 = 61, and so the prime 61 is an isolated case here. 
Calling the four initial blocks (respectively) A, B, C and D, three of these at a 
time were taken, and a fourth initial block was generated by computer, using a 
program originally written by Peter Robinson [3]. The resulting designs were not 
always isomorphic, as was easy to check by investigating block intersection 
numbers. In this way 10 non-isomorphic cyclic designs were found with 
parameters (61,244,40,10,6). (See table.) There are probably many more than 
10 cyclic designs with these parameters; the search was by no means exhaustive. 
Note that design number 10 contains 61 repeated blocks. 
The existence of a design with parameters (61,122,20,10,3) (number 255 in 
[2]) remains open. 
Initial block 
A: 0 1 6 8 17 19 
B: 0 10 12 13 19 24 
C: 0 5 6 9 16 26 
D: 0 3 5 7 8 14 
E: 0 1 3 5 8 21 
F: 0 1 5 8 23 29 
G: 0 5 8 24 25 34 
H: 0 1 3 21 26 33 
J: 0 2 6 14 25 30 
33 39 54 57=(C,UC,)-1 
38 49 53 57 = (C, u C,) - 3 
35 36 38 53= (C,UC,) -2 
20 29 30 48 = (C, U C,) - 8 
39 40 49 55 D=(-E)+8 
43 45 54 56 A=(-F)+l 
35 38 49 57 = (C, U C,) - 3 
45 47 51 55 
38 42 49 53 
Design number Initial blocks 
1 ABCD > 
2 ABCE 
3 BCDF 
4 BCEF 
5 ADGH 
6 DFGH 
7 AEGH 
8 CDEJ 
9 EFGH 
10 CEEJ / 
Note added in proof. All ten of the designs listed above appear to be irreducible, 
thanks to a program written by Peter J. Robinson. 
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